Background: Deaf or hard-of-hearing children experience difficulties in learning health principles. But technology has significantly improved their ability to learn. The challenge in e-learning is to design attractive applications while having an educational aspect. Objective: The aims of this study were to determine the pedagogical effectiveness of a health education application for deaf and hard of hearing students in elementary schools, and to investigate the student's perceptions in different educational grades about the educational effectiveness of the text, graphics, video clips, and animation in the application. Methods: The study design was quasi experimental and was conducted in Mashhad in 2016. Study population were deaf or hard-of-hearing students in elementary schools. The intervention included health application training to deaf and hard-of-hearing students in Mashhad. A questionnaire was used for data gathering. The pedagogical effectiveness was determined by measuring the modified Adapted Pedagogical Index. This index was created based on the characteristics of the application and study population. Statistical analysis was performed using the Kruskal-Wallis and Mann-Whitney tests with Bonferroni adjustment by SPSS 22. Results: Eighty-two students participated in the intervention. The value of modified Adapted Pedagogical Index was 0.669, indicating that the application was effective. The results of Kruskal-Wallis H and Mann-Whitney U test showed significant differences in different educational grades. (p<0.008) Conclusion: Using information technology can improve the education of deaf and hard-of-hearing students. Modified Adapted Pedagogical Index can be used for evaluation of non-interactive applications for elementary school children who are deaf or hard of hearing.
Introduction
Deafness means profound hearing loss; the related term hard of hearing refers to people with hearing loss that is of a slightly lower degree than deafness. Over 5% of the world's population -360 million people -have a hearing lossrelated disability (1) . In Iran, one thousand infants are born with hearing loss every year (2) . Children who are deaf or hard-of-hearing experience more problems in language comprehension than their hearing peers. They have limitations during social interaction (3) , and their vocabulary and grammatical knowledge are generally less developed than in those without hearing loss (4) . Reflecting these circumstances, children who are deaf or hard-ofhearing struggle to learn health principles (5) and have lower access to health care than the general population (6) . Depression and stress (among other mental disorders) are more prevalent in this group (6, 7) . Providing educational programs based on the needs of those who are deaf -that is, in an appropriate form and language -is recommended to solve these problems (8) . Over the years, technology has significantly improved the ability to learn for people who are deaf or hard-of-hearing (3) . Various technologies have been created for deaf education; for example, X University's Signing Avatar (XUSA) to teach computer science concepts to deaf and hearing-impaired students and sign language interpreters (9), multimedia educational software (4) , and e-learning courses (ECDL) (10) . My Body, My Responsibility is a health education project for deaf and hard-of-hearing women of different ages (11) . Although the use of Information and Communication Technology has benefits for people with disabilities, problems exist in access to this technology, usability, and compliance with different needs and learning styles (12) . The challenge in e-learning is designing applications that remain attractive for learners while having an educational aspect (13) . According to Stockwell (14) , the relationship between technology and pedagogy is symbiotic, with interdependent benefits and disadvantages. In Iran, deaf students suffer from many specific health problems more frequently than do other students, including underdeveloped social skills, low levels of life satisfaction (15) , and oral diseases (5), while they work from the same textbooks as all other students. The Health Education Application (16) reviewed herein is designed for the provision of health education to deaf and hard-of-hearing students in elementary schools in Iran. The application includes age-appropriate video clips and animation. We conducted this study with two aims. First, to determine the pedagogical effectiveness of a health-education application for deaf and hard-of-hearing students in elementary schools; Second, to investigate the perceptions of students in different educational grades about the educational effectiveness of the text, graphics, video clips, and animation.
Material and Methods

Study design
The evaluation was designed as a quasi-experimental study with only post-test that included intervention and then measurement of the outcome without a control group. The study was conducted in Mashhad in 2015.
Participants
At the time of the study, a total of 116 students were in schools for the deaf in Mashhad. Inclusion criteria were all the deaf or hard-of-hearing students from third to sixth grade. Students in the first and second grade were not included in the study because of their inability to read subtitles or comprehend the questions of the questionnaire. Exclusion criteria included students who had any other disabilities.
Setting
This study examined the pedagogical effectiveness of a health-education application in elementary school students who were deaf or hard-of-hearing. To this end, an evaluation was performed in elementary schools in Mashhad, Iran. In Iran, elementary schools have six grades. There are two elementary schools for children who are deaf or hard-of-hearing in Mashhad; one is specifically for boys, the other for girls.
Health-education Application
The health-education application used in this study, developed by Ahmadi (16) , is the application for health education orientated to the needs of children who are deaf or hard-of-hearing. Briefly, the application includes ten educational video clips and two animations in five main categories: body health (2 video clips), ear health (3 video clips), oral health (3 video clips, 2 animations), mental health (1 video clip), and personal health items (1 video clip). Each video clip has subtitles, pictures about content in the top right corner of the video clip, Persian Sign Language (PSL), and sound. Animations depict the proper use of dental floss and toothbrush. The Application is offline and in the form of a compact disc (CD/DVD). A snapshot of the application is shown in Figure 1 .
Adapted Pedagogical Index (AdaPI)
The Adapted Pedagogical Index (AdaPI) (10) is based on the Pedagogical Effectiveness Index (PEI) proposed by Snowalkar (2002) (17) and was adapted for use in those who are deaf or hard-of-hearing. Both the PEI (Table 1 ) and the AdaPI (Table 2 ) have three dimensions: learning styles, media, and interaction. Each dimension covers different components, and these components differ in AdaPI compared to PEI to incorporate features specific to those who are deaf or hard-of-hearing.
Modified Adapted Pedagogical Index
In this study, we changed the AdaPI to make it suitable for use with the non-interactive health application and the specific characteristics of (and challenges facing) students who are deaf or hard-of-hearing in elementary schools. The interactive dimension and material arrangement component were removed as they were not applicable; the video clip component was added to the media dimension. The dimensions and components of the modified AdaPI are shown in Table 3 . After incorporation of the aforementioned changes, the questionnaire was modified by excluding questions related to the removed dimensions and components. The validity of the new questionnaire was confirmed by three medical informatics experts. The validated questionnaire contained 16 closed questions; 5 questions were general, while the other 11 questions were used to measure the two dimensions. Responses are based on a 5-point Likert scale that ranged from strongly disagree to strongly agree. 
Intervention
Intervention was done by presenting the health education application to the students in elementary schools. Students in each educational grade watched the video clips and animations of the application. Each session took about half an hour. The intervention was conducted in May 2015 and lasted one month. The presentation to students was given in a room where a computer was available for the students. Other elementary-school classrooms do not have computers. After the health teachers confirmed the completion of training, the questionnaire was distributed to students for measurement of the educational effectiveness. Teachers had a study assistant role in this study.
Research Ethics
Students and teachers who participated in evaluating were completely voluntary. Student's names and the student's identifiable profile information, was not recorded. Students were not informed of each other's answers. Permission for research in deaf schools was granted by the Special Education Organization in Mashhad.
Analysis
A value of 0 to 4 was assigned to the responses of each question, with 0 indicating "strongly disagree" and 4 indicating "strongly agree". After the average value of each component was calculated (vj), the weight of each dimension vi was computed (10) . The final result, Modified AdaPI, is computed by the sum of the vi's, with its value being zero to one. The value of modified AdaPI is in the range of 0 to 1. The result of Modified AdaPI is compared with constant value of 0.5 that indicates the mean value of modified AdaPI. For this equation, values above 0.5 indicated the pedagogical effect of the health application. We investigated the hypothesis that a difference exists between the perceptions of students in different educational grades about the educational effectiveness of media components (text, graphics, video clips, and animations). According to the data, distribution was not normal so Kruskal-Wallis and Mann-Whitney nonparametric tests were used. The Kruskal-Wallis test shows the difference in the groups. To assess the difference between the two education grades, the Mann-Whitney U test was used. Bonferroni correction is used as an adjustment method for multiple comparisons by dividing the critical p value (α) on the number of comparisons. The Audio component was removed from analysis. Data for statistical analysis was based on a 5-point Likert scale (1-5); analyses were performed using SPSS 22 (SPSS; Chicago, Illinois, USA).
Results
Eighty-two deaf or hard-of-hearing students (46 boys, 36 girls) were the intervention group. Of these students, 26 were from sixth educational grade and the number of students in third, fourth and fifth educational grades respectively was 18, 19 and 19 students. After one month of using the health education application, evaluation was done. The highest and lowest means belong to the learning style dimension. The VAK component has the highest mean (4), and Incidental Learning has the lowest mean (0.62). Except for the Audio component (0.62), the mean values of all components of the media dimension are higher than the median of the points (3). The calculated weight of the learning styles was 1.95 and media dimensions was 3.44. The total value of the AdaPI was 0.669. The results of the Kruskal-Wallis H test confirmed the hypothesis that difference exists between the perceptions of students in different educational grades about the educational effectiveness of media components ( Table 4 ). The results of the Mann-Whitney U test for comparing the two different educational grades together is shown in Table 5 . 
Discussion
This study was conducted to determine the effect of a health-education application for elementary school students who are deaf or hard-of-hearing. To the best of our knowledge, this application is the first and only health-education application for deaf and hard-of-hearing students in Iran, to date. The calculated value of the Modified Adapted Pedagogical Index was 0.669, indicating that the students believed in the pedagogical effect of the application. This study was carried out to determine the interest that deaf and hard-of-hearing students have in learning, using information technology in their classrooms. The highest mean value belongs to the VAK component from the learning style dimension. Teachers, students, and others conceive of those who are deaf as having a predominantly visual learning style (18) . Thus, all of the students gave the highest rating to questions related to a visual learning style. Results of studies (19, 20) on the effectiveness of video sources in deaf education have shown the important role of visual communication for deaf children. Incidental Learning or natural learning method (21) happens mostly when computers are used during the completing tasks in the workplace (22, 23) , or by observation or conversation to coworkers or specialists about tasks (24) . The lowest mean is the Incidental Learning or mean from the learning style dimension. Because our application does not practice this, and the intervention lasted one month, there was no ample opportunity for discussion about the video clips. The health education application is not interactive. Our focus in designing the first health application in Iran was on the health-needs assessment of the students and on evaluating the effectiveness of the health application. In this application, there are educational video clips. Thus, a video clip component was added to the media dimension for evaluation. The aim of the statistical test, was to find whether the software is suitable for all educational grades or should it be changed proportional to the students' interests about components of the media dimension. The results showed (Table 5) significant differences among the components of the media dimension in different educational grades based on the students' perceptions. Therefore, the components of the media dimension should separately change for each educational grade level. For example, comparison between text component means in educational grades, showed that the mean in the third grade is the lowest and in the sixth grade is the highest. As a result, text should be lower than other grades in the development of software for third grade students. The degree of hearing loss of students in the different educational grades is unknown. Thus, evaluation of the Audio component did not yield accurate information and was deleted from the analysis. In elementary schools in this study, only one classroom in each school has a computer. So, the application was not used sufficiently and students in one of the classes could watch the clips only once. This may have led to underestimation of the result. The results of the study by Agboola and Lee (25) showed that the lack of access to technology for the deaf and hard-of-hearing is a major cause of improper training in (and overall low levels of) digital literacy. The result of the studies of Liu et al. (26) , Baker (27) and Hussein and Al-Nisour (28) indicated the positive effect of technology in the education of the deaf and hard-of-hearing. There are limitations in this study.
The application was evaluated in a single center. But, this center is in the second most-populated city in Iran and the education system in this country is centralized; the curriculum and teaching materials are similar for all the students. Therefore, this limitation could not significantly diminish the generalizability of the results.
Conclusions
In summary, the findings showed that using information technology can improve the education of deaf and hard-ofhearing students. The practical importance of these findings is that modified AdaPI can be used for evaluation of non-interactive applications for deaf or hard-of-hearing students in elementary schools. We suggest extending the health application to cover the entire health needs of the students. Complementary research on the effectiveness of health applications to measure the impact of the application on the health behavioral change of deaf and hard-ofhearing students by case-control or before and after methods, could be an appropriate path for future research on this topic.
